Collecting genetic material noninvasively from mammals includes plucking fresh hair (Higuchi et al . 1988) , collecting shed hair (Morin et al . 1993) , and collecting fecal material (Hoss et al . 1992) .
The bulb at the end of a fresh hair provides high-quality DNA for amplification. Although shed hair is more accessible, it contains only a fraction of DNA isolated from fresh hair (Gagneux et al . 1997) . Reliably amplifying DNA from fecal material can be difficult, because of DNA degradation (Golenberg et al . 1996) , DNA concentration (Taberlet et al . 1996) , or PCR-inhibiting compounds in the DNA extract (Constable et al . 1995) . Here, we describe four novel, noninvasive methods of collecting fresh hairs from wild and captive mammals. In most cases, these methods can be used to target specific individuals, an advantage that is often absent when collecting shed hair.
Method one involves shooting a rolled strip of duct tape, pressed onto the flat tip of a plastic syringe, from an airpowered dart pistol (Telinject USA, Inc.). The pistol is fitted with a barrel of variable length. Optimal shooting distance was < 15 m from subjects. Pressure from a CO 2 cartridge can be controlled so that the syringe bounces harmlessly off the subject while the tape pulls fresh hairs. The syringe may be filled partially with water as a balance. This method was developed for sampling capuchin monkeys, Cebus olivaceus , most of which are too small to dart safely or trap efficiently.
The second sampling method involves making a corral by enclosing a small area with duct tape. When used on baboons, Papio hamadryas , this area was approximately 1 m 2 . Horizontal rails of tape are spaced every 30 cm for a maximum height of 1.5 m, and bait is placed inside the corral. Typically, several animals approach the corral and squeeze their bodies between tape rails to reach the bait, and thereby leave hairs. This method was designed to obtain hairs simultaneously from several baboons.
Method three requires that target animals handle bait that has been wrapped with duct tape. Examples of this method include attaching bait to a tree limb by wrapping tape around it, making tape-covered food baskets, and wrapping food directly with inverted tape. Bait wraps were used successfully on capuchins and baboons of varying ages.
Finally, captive animals may be sampled by wrapping inverted tape around the tip of a stick, which is then inserted into the cage to touch an animal directly so that the tape pulls hairs. Successful hair sampling with this method was carried out with carnivores ( Hyaena hyaena , Panthera leo , Felis caracal ), and baboons.
The number of hairs collected varies across different methods, as presented in Table 1 . Nevertheless, one to three hair bulbs yield sufficient DNA for amplification of nuclear and mitochondrial loci. DNA was isolated from one to four hairs according to Higuchi et al . (1988) or with QIAamp tissue kits (QIAGEN, Inc.) . It is critical to use sufficient DNA in each PCR reaction to avoid autosomal genotyping errors resulting from disparate allelic proportions in the DNA extract (Taberlet et al . 1996) . Further, the annealing temperature should be sufficiently low to enhance detection of alleles with mutations in the priming sites (Pemberton et al . 1995) . Incorporating these precautions yielded consistent PCR products (Fig. 1a,b) . Additionally, we found that an unexpected advantage of using nuclear DNA from hair was that it generally produced fewer artefacts during amplification than did DNA isolated from other tissues.
In summary, fresh hair tissue may be collected using noninvasive methods and without the need for restraint or trauma to animals. Advantages for researchers using fresh hairs include the ability to target specific individuals and obtain high-quality DNA. The combination of the safety and success of these noninvasive methods supports their applications in genetic studies across a wide variety of mammals, including small, arboreal, or endangered taxa.
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The accuracy of heterozygous base calling from diploid sequence and resolution of haplotypes using allele-specific sequencing For a diploid locus, a rapid way to identify variable DNA sequence positions and estimate their population frequencies is to directly sequence diploid polymerase chain reaction (PCR) products and use doublets in the sequence data to detect heterozygous sites. Here we provide one of the first published measures of accuracy for this increasingly common procedure. For genealogical analyses of these data, heterozygous diploid sequences must be further resolved into pairs of haplotypes that reveal the relative orientation ( cis-trans phase) of multiple heterozygous polymorphisms. We describe here the rapid determination of 2000 bp haplotypes by aligning diploid sequences, designing allele-specific primers at heterozygous sites and directly sequencing the original diploid template with those primers. Effective diploid sequencing requires faithful amplification of both alleles in heterozygotes and accurate identification of heterozygous sites. We determined the frequency of null PCR alleles among presumed 'diploid' sequencing templates and tested the accuracy of heterozygous base calls in diploid fluorescent cycle-sequence (Applied Biosystems FS dye-terminators). From a sample of five individuals in each of two closely related dolphin species, Lagenorhynchus obliquidens and L. obscurus , we sequenced 2000 bp introns (Hayasaka et al. 1996) . Template DNA was isolated from baboon hairs. The DNA was sequenced on an ABI Prism™ 310 genetic analyser using a dRhodamine terminator cycle sequencing ready reaction kit. in three nuclear genes. In the total data set there were 37 variable positions. Seventeen (46%) of these positions were within a restriction site, allowing confirmation of diploid PCR and sequence heterozygosity using restriction fragment length polymorphism (RFLP) analysis. Restriction digestions were applied to independent PCR products amplified from genomic DNA using internal primers (Table 1) .
M A T T H E W P. H A RE and S T E P H E N R . P A L U M B I
RFLPs showed that amplification of complete introns produced diploid product in 28 out of 30 locus-by-individual reactions, but amplified only one allele from a heterozygote in two cases. Evidence for these PCR null alleles underscores the importance of confirming diploid sequencing results using RFLPs in alternately primed PCR products.
Restriction assays also demonstrated that out of 161 confirmable chromatogram base calls (excluding individuals with 'null' alleles), 154 were correct with respect to homo-or heterozygosity (Table 1 ). All seven errors resulted from scoring true heterozygotes as homozygotes. The high overall accuracy achieved (96%) may have been enhanced by spacing sequencing primers only 350 bp apart such that the two strands were compared over 98 -100% of the sequence. Additional overlapping sequences were also available for each strand over approximately 75% of each intron. Heterozygosity was recorded only when two or more sequencing reactions, including both strands, showed doublet chromatogram peaks. However, in some cases sequence from different directions accentuated different nucleotides at a heterozygous site, with the alternative minor nucleotide indistinguishable from noise. 8  4  36  34  94  BTM  1900  11  5  45  40  89  HEXB  1945  16  8  80  80  100  Total  5988  37  17  161  154  96 *Checkable het bases = (number of checkable het positions) (number of individuals with diploid sequence). Lobl 143
scored as heterozygous if both sequences had well-resolved signal, or if there were overlapping sequences confirming the heterozygous pattern. Obviously, comparison of both strands was essential for these assignments. For phylogenetic analysis of alleles, diploid sequences with ≥ 2 heterozygous sites must be resolved into their component haplotypes by determining the cis -trans phase of heterozygous positions. With diploid sequence data in hand, allele-specific PCR (Bottema et al . 1993 ) becomes a viable method of haplotype determination but requires the production of new sequencing template. We reasoned that allelespecific PCR primers might also act specifically in a sequencing reaction with the original diploid sequencing template.
Allele-specific sequencing primers were designed at heterozygous positions if there was one or more additional heterozygous site(s) within 500 bp. All allele-specific primers generated well-resolved haploid sequence or showed strongly dominant (> 50% difference) chromatogram peaks within heterozygous doublets. Using these primers, allele-specific sequencing distinguished phase for 9 of 16 (56%) heterozygous bases at the calmodulin-dependent kinase (CAMK) locus and 19 of 22 (86%) heterozygous bases at butyrophilin (BTM; Table 2 ). Among a total of eight diploid sequences containing two or more heterozygous sites, phase was completely resolved in three. The other five sequences each had a single heterozygous site still unresolved, mostly because these sites were outside the range of allele-specific sequencing primers (Table 2) . Thus, the efficacy of allele-specific sequencing depends on the distribution of heterozygous sites. When heterozygous sites are clustered, allele-specific sequencing of diploid template provides a more efficient method than allele-specific PCR followed by sequencing.
We have demonstrated that diploid sequencing can be an accurate method to rapidly obtain population data on nuclear polymorphisms. Coupled with direct allele-specific sequencing of the same template to resolve haplotypes, these methods can facilitate more rapid collection of diploid nuclear data for population and genealogical analyses.
